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© Method and composition for inhibiting acrylate ester polymerization. 

© Compositions and methods of inhibiting acrylate monomer polymerization at elevated temperatures compris- 
ing adding to the acrylate monomer an effective amount for the purpose of (a) hydroxylamine having the formula 



wherein R and R' are the same or different and are hydrogen, or straight or branchea chain alkyt, aryl, 
alkaryl or aralkyl groups. and (b) a para-phenylenediamine or derivative thereof having at least one N-H 
group. 
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METHOD AND COMPOSITION FOR INHIBITING ACRYLATE ESTER POLYMERIZATION 



The present invention relates to a composition and method for use in inhibiting acylate monomer 
polymerization at elevated temperatures. ^ r ;„f,nn 

It is well known in the art that acrylate monomers readily polymerize and that tie rate of polymerization 
increases with increasing temperature. Common industrial methods for producing the acrylic monomers 
typically include purification processes such as, for example, distillation to remove impunties. However, 
purification operations carried out at elevated temperatures result in an .ncreased rate of undesirable 
polymerization. The polymerization of acrylate monomers is undesirable because it causes fouling of 
processing equipment and it renders the compounds unfit for use without further treatment. 

Known polymenzation inhibitors for acrylates include phenothiazine, hydroqu.none, the methyl ether or 
hydroquinone, benzoquinone, and mathylene blue. Of primary .merest is JP-47-18820 which d.scloses the 
use of dialkylhydroxulamino of generic structure 

^;N — OH 

(with R and R' as its alkyl radicals), singly or together with other sundry polymerization inhibitors, 
to inhibit polymerization of unsaturated compounds of genenc structure 

R 

CH 2 = C — C00CH 2 CH 2 N<^ r1( 

(where R stands for hydrogen or methyl radical and R' and FT for alkyl radicals). Also. May in US-A-3 408 
422 discloses a process for stabilizing ethylenically unsaturated polyesters and a compos.t.on stabilized 
against premature gelation comprising (1) a hydroxy - containing ethylenically unsaturated popster o a 
glycidyl polyether of a polyhydric phenol and an ethylenically unsaturated monocarboxyl.c acid, and (2) a 
hydroxylamine compound. . ~~.\-*~ 

Phenylenediamines alone or with oxygen are known in the art as polymerization mh.bitors ,n acrylate 
, systems Otsuki et al. in US-A-3 674 651 discloses a process for inhibiting the polymerization of acrylic ac.d 
using a combination of diphenylamine or its derivatives and an oxygen - containing gas, or rn.xtures of 
diohenvlamine or its derivatives with benzoquinone and/or hydroquinone mono - methyl - ether ana an 
oxygen - containing gas. Wilder, in US-A-4 016 198 discloses a method of inhibiting polymerization of 
unsaturated carboxylic acid esters and .mproveti unsaturated carboxytic acid ester compos.tions comprising 
5 incorporating into the ester composition a combination of polyalkyleneamines ^ txr&n ^^ orv- 
' phenTienediamines. Also. Mullins in US-A-4 017 544 discloses the use of a Cass of ^(nitroalkyO-N -pheny.- 
p-phenylenediamines to inhibit the polymerization of unsaturated carboxylic acid esters. Findeisen in US-A- 
4 267 365 discloses a process for the preparation of certain oligomeric acrylic acids wherem the acrylic ac.d 

„ „t n nm t„ 1 «•/„ wPinht nf a Dolvmerization inhibitor consisting of molecular 

0 oxygrrnitric'oxi^T'phenol, a"qu.no"ne. an" aromatic amine, a'nitro compound or diphenylpicrylhydraz yl to 
a temperature from about 50' to 200°C. Clonce et al. in US-A-4 480 1 16 discloses an improved methodfor 
preparing and processing readily po.ymenzable acrylate monomers by employing P^';^^- 
zoquinone, 2.5,diphenyl-para-benzoqu,none. or a mixture thereof. None of these pr.or art fences 
recognizes the unique synergistic rruxture of hydroxyzine and phenylenediamme or denv.tives thereof 
5 having at least one N-H group as desirable for inhibiting acrylate ester polymerization. nnlvmpri „ 
The present invention relates to compositions and methods of inhibiting acrylate monomer polymenza- 
tion at elevated temperatures comprising adding to the acrylate monomer an effect.ve amount for the 
purpose of (a) a hydroxylamine having the formula 

10 R "^N — OH 

wherein R and R' are the same or different and are hydrogen, or straight or branched chain alkyl aryl. 
alkaryl or aralkyl groups,and(b) a phenylenediamine or derivative thereof having at least one N-H group. 
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Preferably, tne phenylenediamene is a para-phenylenediamine having the 




vidua! ingredients comprising the r 
more effective acrylate polymer inhibiting composrti 
ingredient alone. Because of the ennanced polymer n 
eacn of the ingredients may t 



> N-H group 



wherein FT R 2 R3 and R« are the same or different and are hydrogen, or striaght or brancned cna.n alky!, 
aryl alkaryl, or aralkvl groups with the proviso that at least one of R<. R : , R 3 c R a are hydrogen. This 
mixture provides an unexpectedly higher degree o* oo.ymerization inhibition of achate monomers than tne 
mixture at elevated temperatures. It is tnererore possible to produce a 
isition and method than is obtainable by the use 0' either 
inhioitirtg activity of tne mixture, the concen:racons c: 
; lowered and tne total quantity of the polymerization mnib;tor requ.rec for an 
effective treatment at elevated temperatures may be reduced. 

Accordingly, it is possible by means of the present invention to provide compositions and method o 
ingibiting the polymerization of acrylate monomers at elevated temperatures. It is also poss.ble to control 
fouling of processing equipment due to the polymerization. It is further possible to prov,ce econorn.cany 
effective polymer inhibiting composes and methods. The detailed descnotion of the present invention 
Demonstrates the synergism of the compounds comprising the present invention. 

The hydroxylamines used with phenylenediamme or derivatives thereof having at least c 
in accordance with the present invention correspond to the chemical formula: 

R "^N OH 

R 

wherein R and R' are the same or different and are hydrogen, Iky., aryl. alkaryl or ara.kyl groups. The 
aikyl. alkaryl and aralkyl groups may be straight or branched-chain groups. ^ r ^' ** r ^°£ 
alkaryl. or aralkyl groups have one to about twenty carbon atoms. Examples of suitable *V«^™™ 
include N.N-diethy.hydroxylamme; N,n-d, P ro Py lhydrox yl am,ne; N -^ ib ^7 drox y ,a ^ : d .^:^^ 
hydroxyzine; N.N-2-ethyl-butryioctylhydroxy.amine; N.N-didecylhydroxylam.ne; 

Imine N-benzylhydroxylamine: N.N-buty.benzylhydroxylam,ne; N-phenylhydroxylamme; N.N-butylphenyl- 
hydroxylamine; methylbenzylhydroxylarnines; and ethylbenzylhy droxylammes The term 
"methylbenzylhydroxylarnines" is meant to include mixtures of benzylhydroxylamines ™* m ^*«^ 
dydroxylamines. such as, for example. Mixture B in Table ... descnbed below Also -the term 
"ethylbenzylhydroxy.ammes" rs meant to include mixtures of benzylhydroxylamines, such »■ far ^ p ' e 
Mixture A in Table III described below. Most preferably the hydroxyzine « selerted from N£- 

> d.ethylhydroxy.amme, N.N-dibenzylhydroxylamine. methylbenzylhydroxy.amine. and ethylbenzylhydrox- 

yiam -r?! S ^K„^,,.o O wi a r T1 ,n 0 mmnnnpnt nf the inhibitor mixtures of this invention include phenylenediamine 
and 'dehvatJveT'th'e'reof havng^at least one N-H group. It is thought that ortho-phenylen* i,am.r.e or 
derivatives thereof having at least one N-H group are suitable for use in accordance w,th the present 

> .nvention. However, the preferred phenylened.am.ne is para-phenylenediam.ne having the formula 




wherein R 2 , W and R* are the same or different and are hydrogen, or straight or branched chain alkyl 
aryl. alkary,, ara.kyl groups with the proviso that at least one of R\ R*. R or R is hydrogen^ More 
preferably, the a.kyl, aryl. a.kary. and ara.kyl groups have one to about twenty carbon j atoms. Th , a ky 
alkaryl and aralky. groups may be striaght or branched-chain groups. Exemplary para-phenylendiam.nes 
Se WhenyiniianSne wnerem R', R 2 . R 3 and R< are hydrogen; N.N.N'tnalkyl-p-phenylened.amines. 
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such as, to, example. N.N.NMnmetnyl-p-phenylened.am.ne or N.N N' tne^yiphe^ened-amjne. 
p^henylenedlamines. such as. for exarnpleN.N-d^ethyl-p-pheny eneo.arn.ne, o N N o ethy, p_ 

pnenyl-N'-isopropyl-p-phenylenediam.ne. ""P^"^^ 
3 phenylenediarnine, N-phenyl-N'-isooutyl-p-phenylened.amme N phenyl N sec Duty p . p * 

monomer- - use, nere,n , ™n C ed <o ~ - = ^b r ^-cna,n 
» eJ»l a=r„a,e. prop,, a=r,,a.e. •^Vy'^-^^ Ly,a t e. 
oodacy, an, nexadecy, acr^ J^E^J^SSKwl — ay-.. 

3S ,„ about ,000 ppm based upon the veigh, of <^ ,a « . ™^ ^ou^e generally in 

about 1:5 to about 5:1. , ^ „ t ^ A „^ 1)e thp hnilina ooint of 

The term "elevated temperatures" as used herein mean* *" — - ~ a , 

. the particular acryiate monomer utilized Of course, smca the ^ ^ of ^ 3 0 7 the 

monomers are different, the elevated temperatures d ^^*W ^?°^ r > aMeA . Por 
45 particular acryiate monomer utilized at the part.cular press " re f^ ,c J th ^ ZC J 2Q4 . f at 760mm) 

example, the boiling point of n-butyl acryiate ,s about 146 C at 101- a (about 
pressure so the elevated temperature for n-butyl acryiate would be 146 C and above 

and r^ aSSons of the present invention ? n con^ol the -^~~e 
so meat, such as, for example, equipment used in the separation and Punftw f'^Ts T he present 

acr„a« monomer. The .nventon can be uUlizad under — ^""^^ie or 

S5 srrs^^ 
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the acrylate monomer combination of compounds, the data 

To demonstrate the synergism which is p.ovioea Dy me illustrations of the invention 

set forth below was developed. The following Examples are .ncluded as being illustrations 
and should not be construed as limiting the scope thereof. 



EXAMPLES 

Polymer,^ mhib.on n-bu*. acrylate ^—^ by the = test 
flask equipped with a condenser, a magnet s ™ ^ d 9» ^ at about 40°C to remove MEHQ 

for ten minutes. Freshly distilled n-butyl ^ la ^ L ^ m k ^ £ & ap ° atus waS ao.n flushed with 
inhibitor, with the add.tive oemg tested w « Mded " J^ f,a ^ ^ & for ^ hours whereupon a 
nitrogen for ten m.nutes. The mixture was heated at reflux 146 C (2-4 F- r ^ 
10 rn?al, q uot of the m.xture was addec Uc , 80 mL ° ™ the treatment, 

polymenc „qu,d that sett ^ - -eco ded T , , V ^ ^ mL Qf pQ|ymer for the 

, * . * » be 0 v e r. 

postng at the low dosages after most of these experiments were conducted. 



25 



PDMBPDA 


DEHA 


No. 


ppm 




Tests 


25 


0 


4 


0 


25 


4 


12.5 


12.5 


1 


10 


15 


1 


10 


15 


11 


12 


0 


2 



Ave. mL 

mL Polymer Polymer 
2.3, 3.0, 3.5, 5.5 3.5 
4.5, 3.5, 3.5, 3.3 3.7 

0.03 
. _a 

2.8, 0, 0.5, 0, 0, 0, 0.4 

0, 0, 0, 0, 1.6 
0.5, 2.9 



0.03 

4-.5 a 



1.7 



55 
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TABLE I (Cont'd) 



PDMBPDA 
ppm 

8 


DEHA 
PPm 

0 


Tests 
1 


mL 
4.3 


0 


16 


1 


3.3 


0 


12 


1 


1 .9 


0 


10 


1 


1 .9 


9 


3 


1 


0 


6 


6 


2 


0, 0.5 


3 


9 


1 


0.1 


0 


0 


3 


b 



mL Polymer 



Ave. mL 

Polymer 

4.3 
3.3 
1.9 
1.9 

0 

0.25 

0.1 

b 



PDMBPDA = N-phenyl-^'-(l 5 3-dimethylbutyl)-p-phenylenediamine 
DEHA = N,N-di ethyl hydroxy! amine 



a. This data point was generated during one of the very first exper- 
iments that were run using the above-described reflux test method 
and the technician conducting the experiment was still learning 
the technique; therefore, it is believed that this data point is 
inaccurate, especially in view of the further data generated us- 
ing 10 ppm PDMBPDA and 15 ppm DEHA reported above. 

b. Mixture became so viscous that it was not possible to obtain a 
10 mL aliquot. 

The results reported in Table I indicate that combinations of N-phenyl-N'(1 ,3-dimethylbutyl)-p- 
phenylenediamine and N,N-diethylhydroxylamine showed a synerg.stic effect in inhibiting polymerization at 
elevated temperatures. _ , . , Mnui 

Further tests were conducted using other phenylenediamines (VuA) and iiyuiu*yidr.-.i..s5 4 . .,. 
These tests used the procedure described above for Table I data and the results are reported in Table II 
below. 
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TABLE II 



PDA 



PP"> 



R7NOH 



EMI 



mL Polymer 
in 2 Hrs. 



PDMPPDA 25 
PDMPPDA 12.5 



p-PDA 
p-PDA 

TMPDA 
TMPDA 



PDMBPDA ■ 
p-PDA 



25 



25 



12.5 
12.5 



12.5 



N,N-diethyl- 
hydroxyl amine 



N,N-diethyl- 
hydroxyl amine 



N, N-di ethyl - 
hydroxy! amine 



N f N-di benzyl - 
hydroxy 1 amine 

N,N-dibenzyl - 
hydroxy 1 amine 

N,N-diethyl- 
hydroxyl amine 
N, N-di benzyl - 
hydroxyl amine 



3.0 
0.0 



12.5 

12.5 
+ 

12.5 



a. Mixture became thick and viscous and removal of an aliquot was impractical. 
PDMPPDA = N-phenyl-N'-(1 ,4-dimethylpentyi)-p-phenylenediamine 
p-PDA = p-phenylenediamine [CsH^NHz^] 
TMPDA = N.N.N\N\-tetramethyl-p-phenylenediamine 
PDMBPDA = N-phenyl-N'-(1 ,3-dimethylbutyl)-p-phenyienediamine 

The results reported in Tgnte n indicate that N-nhf?nyl-N'-<i 4-dimBthylpentyl}-p-ohenylenediamine and 
p-phenylenediamine [C 6 H<(NH 2 )2], both of which have N-H groups, exhibited synergism in inhibiting poly- 
merization when used in combination with N,N-diethylhydroxylamine at elevated temperatures. However, the 
phenylenediamine without a N-H group. N,N,N'N'-tetramethyl-p-phenylenediamine, failed to show synergism 
with N.N-diethylhydroxylamine. Also, another hydroxylamine, N,N-dibenzylhydroxylamine, showed syner- 
gism when used in combination with N-phenyl-N*-(1 .3-dimethylbutyl)-p-phenylenediamine. But the test runs 
where two phenylenediamines and two hydroxylamines were used respectively showed no synergism. 

Additional testing was conducted to further evaluate the synergistic combination of the instant invention 
utilizing the reflux test method described above. Two mixtures were prepared for these additional tests. 
Mixture A was prepared by placing 15.9 g (0.15 mol) of anhydrous sodium carbonate. 7.0 g (0.1 mol) of 
hydroxylamine hydrochloride, 11.5 mL (12.5 g, 0.1 mol) of benzyl chloride, 15 mL (16 g. 0.1 mol) of 
ethylbenzyl chlorides (about 30% orthc and 70% para isomers) and 130 mL of methanol in a 1-L round- 
bottomed flask. This mixture was heated and stirred at reflux for four hours, whereupon the methanol was 
removed by distillation. The remaining vis cous mixture was stirred with 50 mL of water to yield a clear, 
colorless aqueous layer and a hazy organic layer. Separation of the layers resulted in 22.8 g (98% of 
theory) of crude dibenzylhydroxylamines (by gas chromatography - mass spectrometry analysis this 
mixture consists of N-monobenzylhydroxylamine. N-monoethylbenzylhydroxyiamine. N.N-dibenzylhydrox- 
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ylamine, N-benzyl-N-ethylbenzylhydroxylamine, and N.N-diethylbenzylhydroxylamme, plus other unidenti- 
fied materials). The starting chlorides were virtually not present in the resulting product. Acidification o: the 
barely basic aqueous layer yielded substantially no C0 2 . Mixture B was prepared using the same procedure 
as described above for preQaration of Mixture A, but 6.3 (0.05 mol) benzyl chlonae, 7.0 g (0.05 mol) of 0- 
5 methylbenzy! chloride, 7.0 g (0.5 mol) of m-methylbenzyl chloride, and 7.0 g (0.05 mol) of p-methylbenzyl 
chloride were used in place of the benzyl and ethylbenzyl chlorides, resulting in 20.5 g (87%) yield of N- 
monobenzylhydroxylamine, N-monomethylbenzylhydroxylamine, N,N-dibenzy!hydroxylamine. N-Denzyl-N- 
methylbenzylhydroxyiamine, and N,N-dimethylbenzylhydroxylamtne, plus other unidentified materials. The 
results are reported in Table III below. 



T5 



20 



25 

TABLE III 



30 


PDMBPDA 
ppm 


Hydroxy! ami ne 
ppm 


Molar Ratio 
PDMBPDA: Hydroxy! ami ne 


ml_ Polymer 




25 


None 




5.0 


35 


23 


2 DEHA 


4:1 


1 .5 




21 


4 DEHA 


2:1 


0 




19 


6 DEHA 


1 :1 


0 




15 


10 DEHA 


1 :2 


0 


40 


11 


14 DEHA 


1 :4 


0 



45 



50 
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TABLE III (Cont'd) 



5 


PDMBPDA 
ppm 


Hydroxy! ami ne 
ppm 


Molar Ratio 
PDMBPDA: Hydroxyl amine 


mL Polymer 




20 


5 


Mixture A 


4:1 


4.0 




17 


8 


Mixture A 


2:1 


3.5 




13 


12 


Mixture A 


1 :1 


1 .5, 2.0 




19 


19 


Mixture A 


1 :1 


a 




9 


16 


Mixture A 


1:2 


a 


75 


5 


20 


Mixture A 


1 :4 


a 




0 


25 


Mixture A 





a, a, 4.5 




20 


5 


Mixture B 


4:1 


a 




1 7 


8 


Mixture B 


2:1 


1.9 




13 


12 


Mixture B 


1 :1 


0, 2.0 




19 


19 


Mixture B 


1 :1 


0.5 


25 


10 


15 


Mixture B 


1 :2 


0.1, 0.15 




9 


16 


Mixture B 


1:2 


0.5 




5 


20 


Mixture B 


1 :4 


a 




0 


25 


Mixture B 




a, 2.4 


30 














a Mixture 


became too viscous 


to be able to remove a 


10-mL al iquot. 



PDMBPDA = N-phenyl-N'-O ,3-dimethyl butyl )-p-phenylenediamine 
DEHA = N,N-di ethyl hydroxyl amine 

Polymerization inhibition of n-butyl acrylate was also evaluated by the viscosity test method, using an 
oil bath regulated at 141 °C <285°F) with a Thermo-Watch. Double distilled (under vacuum at about 35"C 
with about 12 inches distance from the flask to the condenser) n-butyl acrylate (10.0 mL) was placed in a 17 
mL tube and 50 uL of 0.25 wt% xylene solutions of additives were added. The tubes were capped with a 

.. v ,.-. c u .„,<- . v ,; rec j ors _ Two needles were insRrtecl in the septum and arqon was purged 

through "for 30 sec, wnereupon the needles were removed. The tubes were then placed in the oil bath and 
the viscosities of the solutions measured at appropriate times by inverting the rube and observing the time 
needed for the 7mL bubble to reach the top of the inverted tube. The time required to obtain a v.scosity of 
20 sec. was calculated for each tube by interpolating between the two points that bracketed the 20 sec. 
viscosity using a semiiog evaluation. If a viscosity of 20 was not reached in 5 days of testing, the data were 
estrapotated to obtain the time to reach a viscosity of 20 sec. If the reaction proceeded so fast that a 
viscos.ty of 20 sec. was missed, again the first two viscosity points were estrapoiated to obtain the time to a 
v.scosity of 20 sec. The viscosity at the beginning of the test period was less than 1 sec Usually two to five 
viscosity determinations were made per tube. The results are reported in Table IV below. 



55 
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TABLE IV 



Additive 






mL of Air 


Time 


(a) 


None 






0 


112, 


121 


DEHA 






0 


114, 


113 


PDMBPDA 






0 


1 258, 


886 


DEHA (25 ppm) & PDMBPDA 


(25 


ppm) 


0 


416, 


935 


None 






0.2 


137, 


125 


DEHA 






0.2 


115, 


113 


PDMBPDA 






0.2 


1271 , 


675 


DEHA (25 ppm) & PDMBPDA 


(25 


ppm) 


0.2 


2052, 


1784 



a Values for None and DEHA only were approximated from one point using relative \ 
time = 1 as the other point. 
DEHA = N,N-diethylhydroxylarnine 

PDMBPDA = N-phenyl-N'-(1 ,3-dimethylbutyl)-p-phenylenediamine 



1. A composition for inhibiting polymerization of an acryiate monomer at elevated temperatures which 
comprises an effective amount of (a) a hydroxylamine having the formula 



V 



wherein R and R' are the same or different and are hydrogen, or straight or branched chain alkyl. aryl, 
alkaryl or aralkyl groups, and 

(b) a phenylene diamine or derivative thereof having at least one N-H group. 

2. A composition according to claim 1 . wherein (b) is a para-phenylene diamine having the formula 




wherein R\ R 2 . R3 and R d are the same or different and are hydrogen, or straight or branched chain alkyl. 
aryl, alkaryl, or aralkyl groups with the proviso that at least one of R\ R 2 . R 3 or R 4 is hydrogen. 

3. A composition according to claim 1 or 2, wherein the total amount of the hydroxylamine and the 
phenylenediamine is from about 1 ppm to about 10,000 ppm based upon the weight of the acryiate 
monomer. 

4. A composition according to any of claims 1 to 3, wherein the molar ratio of the hydroxylamine to the 
phenylenediamine is about 1:10 to about 10:1. 

5. A composition according to claim 4, wherein the molar ratio of the hydroxylamine to the 
phenylenediamine is about 1 :5 to 5:1 . 

6. A composition according to any of claims 1 to 5, wherein the alkyl, aryl, alkaryl and aralkyl groups 
have one to about twenty carbon atoms. 
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7. A composition according to any of claims i tc 6. wherein the hydroxylamine is selected from N,N- 
diethylhydroxylamine, N,N-dibenzylhydroxylamine, methylbenzylhydroxylammes (as hereinbefore defined), 
and ethylbenzylhydroxylamtnes (as hereinbefore defined). 

8. The composition according to any of claims 1 to 7. wherein the para-phenylenediamme is selected 
5 from N-phenyl-n'-0 ,3-dimethylbutyl)-p-phenylenediamine, N-phenyl-N'-(1 ,4-dimethylpenty!)-p- 

phenylenediamine, and para-phenylenediamme wherein R\ R*, R3 and R 1 are hydrogen. 

9. A composition according to any of claims l to 8. wherein the acrylate monomer is n-bJtyl aery late. 

10. A method of inhibiting acrylate monomer polymerization at elevated temperatures whicn comprises 
adding to the acrylate monomer an effective amoun: for the purpose of (a) a hydroxylamine having the 

70 formula 




\ OH 



wherein R and R' are the same or different and are hydrogen, aikyl, aryl, alkaryi or araikyl g-oups and (b) a 
pnenylenediamine or derivative thereof having at least one N-H group. 

11. A method according to claim 10, wherein the hydroxyiamine and/or phenylenediamme and/or 
acrylate monomer are as defined in any of claims 2 to 9. 
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Method and composition for inhibiting acrylate ester polymerizatior 



(sr) Compositions and methods of inhibiting acrylate rr 
polymerization at elevated temperatures comprising adding ti 
the acrylate monomer an effective amount for the purpose of (a 
hydroxylamine having the formula 



CO 

< 

<£> 
O 

o> 

<£> 
CD 
CM 



wherein R and R' a-e the same or different and are hydrogen, or 
straight or branched chain alkyl, aryl. alkaryl or aralkyl 
groups.and (b) a para-phenylenadiamine 0 
having at least one N-H group. 



ir derivative thereof 



HI 
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